
FSCH/FSPT Registration Quiz 2024
Results V1.0

Information:

Unlike stated in FSCH Handbook 2024 CH 2.1.3, protest time ends 4 hours later, meaning
2024-01-27 17:00 CET.
Send your protest(s) to geral@formulastudent.pt irrelevant of your intended participation in
FSCH, FSPT or both.
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Q1 (CV & EV)

Answer: 54.93

Newton’s Law of Cooling: dTdt=k(T-T amb)
T amb=20°C
so T(t) = 20 + 30e-0.02t
solving for t with T(t)=30°C gives t = - ln(13)0.02 = 54.93 min

Q2 (CV & EV)

Answer: -35.4

Assuming positive x from left to right and positive y from down to up (coordinate system not
relevant for solution)
R_A_x (x component of reactive force at A) = -f_AC = 25 kN
Sum of forces along x:
R_A_x = sin(45)*100 kN - R => R = 45.71068 kN
Sum of moments around A
R_G_y * 12 = 25 * 3 + R * 3 + 100 * sin(45) *3 - 100 * cos(45) *2 => R_G_y = 35.355 kN
R_G_y = - f_HG => f_HG = -35.355 kN
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Q3 (CV & EV)

Answer: 43.9

Front wheel rate = Front spring stiffness / front motion ratio = 16 / 0.8 ^ 2 = 25 N/mm
Rear wheel rate = Rear spring stiffness / rear motion ratio = 18 / 0.75 ^ 2 = 32 N/mm

          𝐷𝑜𝑤𝑛𝑓𝑜𝑟𝑐𝑒 *  𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑟𝑜𝑛𝑡
𝐹𝑟𝑜𝑛𝑡 𝑤ℎ𝑒𝑒𝑙 𝑟𝑎𝑡𝑒  =  𝐷𝑜𝑤𝑛𝑓𝑜𝑟𝑐𝑒 *  𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 𝑟𝑒𝑎𝑟

𝑅𝑒𝑎𝑟 𝑤ℎ𝑒𝑒𝑙 𝑟𝑎𝑡𝑒

 ⇔                             𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑟𝑜𝑛𝑡
1−𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑟𝑜𝑛𝑡  =  25

32

 ⇔                        𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑟𝑜𝑛𝑡 =  43. 9 %
Note that the drag force does not cause any longitudinal mass transfer since it is not
balanced by an equal and opposite force applied in the tires, i.e., the drag force causes
deceleration of the vehicle instead of mass transfer.

Q4 (CV & EV)

Answer: 50.0

Formulas for an improved howland pump circuit:
𝐼𝑜𝑢𝑡 = (𝐺 × (𝑉𝑖𝑛 +  −  𝑉𝑖𝑛 −))/𝑅4,
𝐺 = 𝑅3/𝑅1;      𝑅3/𝑅1 = (𝑅5 +  𝑅4)/𝑅3

𝐺 =  1𝑘/1𝑘 =  1;  1 = (𝑅5 +  𝑅4)/𝑅3 <=> 𝑅5 =  1000 − 100 =  900 Ω 
=𝐼𝑜𝑢𝑡 1 * (5 − 0)/100 = 0. 05 𝐴 =   50. 0 𝑚𝐴
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Q5 (CV & EV)

Answer: 0.986

𝐷𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 :  500 * 200 3

48 𝐸𝐼

𝐼𝑛𝑒𝑟𝑡𝑖𝑎:  𝐼 =  50 𝑡 3

12

So 𝑡 > 3  500 * 12 
3 * 48 * 50  * 𝐸  * 200  

Aluminium: t = 4.56 mm→mass = (4.56*200*50)*2.7e-3 = 123.12 g so the environmental impact is:

8e-3 * 123.12 = 0.986 kgCO2

Composite: t = 3.12 mm→mass = (3.12*200*50)*1.26e-3 = 39.31 g so the environmental impact is:

26e-3 * 39.31 = 1.022 kgCO2
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Q6 (CV & EV)

Answer: -0.5

Assuming x is positive from rear to front and y is positive from right to left (coordinate system
not relevant for solution)
Yaw_rate = velocity/radius = 10.2 / 8 = 1.275 rad/s
Vx_RI = Vx - Yaw_rate*t/2 = 9.435 m/s
Vy_RI = -tan(alfa_RI + toe_rear)*Vx_RI = -tan(5.1 deg)*9.435 = 0.84205 m/s
Vx_FI = Vx_RI = 9.435 m/s
Vy_FI = Vy_RI + Yaw_rate * (lr+lf) = -tan(5.1 deg)*9.435 + 1.275*1.6 = 1.19795 m/s
alfa_FI = 12 - atan(1.19795/9.435) - toe_front = 4.76 - toe_front
Vx_FO = Vx + Yaw_rate*t/2 = 10.965 m/s
Vy_FO = Vy_FI = 1.19795 m/s
alfa_FO = 12 - atan(1.19795/10.965) + toe_front = 5.76 + toe_front
alfa_FI = alfa_FO => toe_front = - 0.5 deg
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Q7 (CV & EV)

Answer: 2.6

Old car : Z1= 16; i1/2= 2,5
New car: Z1=Z3=16; Z4=Z2+2

Z2= Z1*i1/2
Z2= 16*2,5
Z2= 40

Z4= Z2+2
Z4= 40+2
Z4= 42

i3/4= Z4/Z3
i3/4= 42/16
i3/4= 2,625 → 2,6

Q8 (CV & EV)

Option 1, 2, 3 & 4 → not enough inertia or too thin
Squared tube 7/8” x 1/16” → (25,4 x 7/8)^2 mm2 - (25,4 x 7/8 - 2x(25.4 × 1/16))^2 mm2 =
131.0 mm2
Rounded tube 28 x 1.6 → 25,4^2 mm2 - (25,4 - 2(25.4 × 3/64))^2 mm2 = 132.7 mm2
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Q9 (CV & EV)

𝐸 = 0. 5 * 𝐶 * (𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙2 − 𝑉𝑓𝑖𝑛𝑎𝑙2 )

𝐸 = 0. 5 * 2 * (1002 − 502 ) =  0. 5 * 2 * (100000 − 2500) =  1 * (7500) =  7. 5 𝑘𝐽

Q10 (CV)

Answer: 150

"In the widely used four-cylinder in-line engines, the vibrations of the second engine order
are dominant; this engine design owes the typical four-cylinder hum to them."
[Entkopplungselemente in der Fahrzeugtechnik] → nOrd=2 (It can also be found on the
internet.)
f= nOrd*r*Hz/(60*1/min)
f= 2*4500*(1/min)*Hz/(60*(1/min))
f= 9000 Hz/60
f= 150 Hz

Q11 (CV)

CV 2.4.1
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Q12 (CV)

Answer: 71.0

Q10 (EV)

Answer: 1.5

Divide the charge difference by the current: 5% x 15 Ah / 0.5A = 1.5 h
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Q11 (EV)

Cells - Ecell (cell nominal energy), Vcell (cell nominal voltage), Rcell (cell internal resistance)

Battery old - Eold (old battery nominal energy), Vold (old battery total nominal voltage),
Rold (old battery total internal resistance), (Sold)s(Pold)p (old battery series parallel
configuration), Presold (old battery dissipated power in internal resistance)

Battery new - Enew (new battery nominal energy), Vnew (new battery total nominal voltage),
Rnew (new battery total internal resistance), (Snew)s(Pnew)p (new battery series parallel
configuration), Presnew (new battery dissipated power in internal resistance)

Power profile - Ppro (RMS power), Ipro (RMS current)

We want Vnew = 2*Vold => Snew = 2*Sold (eqA)
To keep Enew = Eold => Sold * Pold = Snew * Pnew (eqB)
From A and B we get Pnew = Pold/2 (eqC)
Rold = Rcell * Sold / Pold (eqD)
Rnew = Rcell * Snew / Pnew (eqE)
From A, B and E we get Rnew = Rcell * 2*Sold / (Pod/2) = Rcel * 4 * Sold/Pold => Rnew =
4*Rold
Ipro = Ppro / Vbat
Iproold = Ppro / Vold
Ipronew = Ppro / Vnew = Ppro / (2*Vold) => Ipronew = ½ * Iproold
Pres = Rbat * Ipro^2
Presold = Rold * Iproold
Presnew = Rnew * Ipronew = 4*Rold * (½ * Iprold)^2 =>
=> Presnew = Presold
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Q12 (EV)

The NE555 has an output signal of 4.45 Hz with 92% duty cycle.
The CD4040 is a Ripple Counter, where the output frequency is divided by 2 every output.
So the frequency of C and D is too low. But for A, the duty cycle is inverted, and with 8% too
low.
Thus, only B is correct.
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Q13 (EV)

Answer: 390

Vbat=OCV+I*R = 500 + 84*0.2 = 516.8 V
Pbat=I*Vbat = 43 411,2 W
Pground = Pbat/(product of efficiencies) = 43 411,2 / (0.97*0.94*0.98*0.96) = 50 606,3 W
Speed = 70 km/h = 70000/3600 = 19.444 m/s
⍵ = speed / perimeter * 2π = 19.444 / (2 * 0.3 * π) * 2π = 64,814 rad/s
Pwheel = ⍵*τ = Pground/2
τ = Pwheel/⍵ = 50 606,3 / 2 / 64,814 = 390 Nm
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